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(54) Pre-paid telecommunication services in LEO mobile satellites system 



(57) A pre-payment subscriber to a satellite mobile 
telephone system is provided with the same services on 
roamed terrestrial networks as any other subscriber. 
The subscriber's network maintains a credit record for 
each pre-payment subscriber and is capable of calcu- 
lating, in response to a request from the subscriber's us- 



er terminal seeking to access services on another net- 
work, the maximum amount of call time which the sub- 
scriber's available credit allows on the other network. 
The available call time is transmitted to the user terminal 
which controls the call as well as notifying the first net- 
work of unelapsed call time. 
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Description 



[0001] This invention relates to the provision of pre- 
paid telecommunication services in mobile telecommu- 
nication networks, particularly but not exclusively to pro- 
viding such services to a pre-payment subscriber roam- 
ing away from his home network. 
[0002] Terrestrial mobile telecommunications sys- 
tems are well known and a number of different systems 
have developed which operate according to different 
standards. These public land mobile networks (PLMNs) 
may operate according to analog or digital standards. In 
Europe, much of the Far East and elsewhere, the Global 
System Mobile (GSM) network has become popular, 
whereas in the US, the Advanced Mobile Phone Service 
(AMPS) and the Digital Advanced Mobile Phone System 
(DAMPS) are in use, and in Japan, the Personal Hand- 
iphone System (PHS) and the Personal Digital Commu- 
nication (PDC) network are used. More recently, pro- 
posals have been submitted for a Universal Mobile Tel- 
ecommunications System (UMTS). These networks are 
all cellular and land-based with transmitters/receivers 
which communicate with mobile user terminals. 
[0003] For example, in a PLMN based on the GSM 
system, individual cells of the PLMN are served by a 
series of geographically spaced, terrestrial base trans- 
ceiver stations (BTSs) which are coupled through base 
station controllers (BSCs) to a mobile switching centre 
(MSC) which may provide a gateway out of the network 
to a conventional public switched telephone network 
(PSTN). The PLMN includes a home location register 
(HLR) which stores information about the subscribers to 
the system and their user terminals. In general, a GSM 
customer has a subscription relationship with a single 
PLMN, referred to herein as the home network of the 
subscriber. When a user terminal is switched on, it reg- 
isters with the home network HLR. If the user roams to 
a different GSM network, the user terminal registers with 
a visitor location register (VLR) of the visited network, 
which communicates with the HLR of the home network 
for authentication, routing and other purposes. DAMPS, 
PHS and PDC networks include similar location regis- 
ters. 

[0004] More recently, a number of different mobile tel- 
ecommunication systems have been proposed that use 
satellite communication links between mobile user ter- 
minals and conventional terrestrial networks. 
[0005] One network known as the IRIDIUM™ satellite 
cellular system and described in, for example, EP-A-0 
365 885 and US Patent No. 5 394 561 (Motorola), 
makes use of a constellation of so-called low earth orbit 
(LEO) satellites, that have an orbital radius of 780 km. 
Mobile user terminals such as telephone handsets es- 
tablish a link to an overhead orbiting satellite, from which 
a call can be directed to another satellite in the constel- 
lation and then typically to a ground station which is con- 
nected to conventional land-based networks. 
[0006] Alternative schemes which make use of so- 



called medium earth orbit (MEO) satellite constellations 
have been proposed, with an orbital radius in the range 
of 10-20,000 km; reference is directed to Walker J.G. 
"Satellite Patterns for Continuous Multiple Whole Earth 

5 Coverage" Royal Aircraft Establishment, pp 119-122 
(1 977). Reference is further directed to the ICO™ satel- 
lite cellular system described, for example, in GB-A-2 
295 296, and to the ODYSSEY™ satellite cellular sys- 
tem described in EP-A-0 510 789. With these systems, 

10 the satellite communication link does not permit com- 
munication between adjacent satellites. Instead, a sig- 
nal from a mobile user terminal such as a mobile hand- 
set is directed firstly to the satellite and then to a ground 
station or satellite access node (SAN), which is connect - 

15 ed to a conventional land-based telephone network. 
This has the advantage that many components of the 
system are compatible with known digital terrestrial cel- 
lular technology such as GSM. Also, simpler satellite 
communication techniques can be used than with a LEO 

20 network. 

[0007] In satellite communications networks, ground 
stations are located at different sites around the world 
in order to communicate with the orbiting satellites. In 
the ICO™ system and others, a visitor location register 

25 is associated with each of the satellite ground stations, 
which maintains a record of the individual user terminals 
that are making use of the particular ground station. 
[0008] In certain areas of the world, coverage provid- 
ed by a conventional terrestrial PLMN and the satellite 

30 network will overlap. It has been proposed that the indi- 
vidual user terminals be selectively operable with either 
a terrestrial PLMN or the satellite network. The user ter- 
minals may include a switch to allow the user to select 
the network or alternatively, an automatic selection may 

35 be made e.g. on the basis of defined customer choice 
or other factors. Thus, for example, an ICO subscriber 
can use a PLMN as a roamed network, with billing and 
other usage information being passed back to the ICO 
system for billing to the subscriber. It is envisaged that, 

40 normally, the conventional terrestrial PLMNs will be pre- 
ferred when available, for example in built-up areas, for 
reasons including cost and signal strength. 
[0009] The use of a network by subscribers to other 
networks is governed by roaming agreements between 

45 the network operators concerned. These agreements 
typically make provision for the comprehensive ex- 
change of tariff information, so that each network can 
calculate the cost which will be incurred by its roaming 
subscribers in advance. For example, a roaming agree- 

50 ment may provide that the roamed network B will charge 
subscribers to the home network A, making calls to a 
particular location, on a particular tariff, at a roaming rate 
which, for example, equals the amount it would charge 
its own subscribers, plus 15 per cent. 

55 [0010] When a network A subscriber roams to net- 
work B, network B first seeks to authenticate the sub- 
scriber with network A. If network A provides the neces- 
sary authentication, the subscriber is allowed to make 
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a call using network B, which charges the call at the ap- 
propriate rate. The bill for the call is then sent to the sub- 
scriber's home network A, generally as part of an aggre- 
gated charge for services provided by network B to all 
of network A's subscribers over a predetermined period. 
The home network A operator can then bill its subscrib- 
ers individually. In the GSM system, for example, the 
charging procedure is based on individual records gen- 
erated for each call and known as toll tickets or call detail 
records. This principle is readily extendible to the case 
where a number of networks are involved in passing on 
calls. 

[0011] As well as charging for calls on the normal 
time-elapsed basis, many operators provide their own 
subscribers with a pre-payment service, where a sub- 
scriber pays up front for a specified amount of call time. 
As well as being an attractive option for many subscrib- 
ers to assist with controlling call costs, this is a particu- 
larly important form of charging for satellite telephone 
system operators, for whom a pre-payment system may 
be the only way of guaranteeing payment in many of the 
countries covered by the service, particularly those with 
cash based economies or those without adequate credit 
checking facilities. 

[0012] However, there are significant difficulties asso- 
ciated with providing roaming capabilities for pre-pay- 
ment subscribers. By way of illustration, when a visited 
network B seeks to authenticate one of network A's 
roaming pre-payment subscribers, network A will not 
provide such authentication unless it has some way of 
ensuring that the subscriber will not overrun its allotted 
credit. Practically, this requires some means of terminat- 
ing the subscriber's call in real-time once the paid for 
call-time has expired. 

[0013] One possible way of solving this problem in re- 
lation to GSM networks is to use the standard GSM ad- 
vice of charge (AoC) service, in which charging informa- 
tion is sent from the visited network B to the roaming 
user terminal based on the tariff arrangement specified 
in the roaming agreement. For example, on call set-up, 
the visited network B performs a charge analysis func- 
tion to determine the tariff to be applied. This is trans- 
mitted to the user terminal at the start of the callin the 
form of a charge advice information (CAI) element de- 
scribing the tariff in terms of unit charges, unit length 
and so on. On receipt of the CAI, the user terminal cal- 
culates the actual call charges and subtracts them from 
counters stored in a Subscriber Identification Module 
(SIM) within the user terminal, which also stores the 
available credit information. The user terminal can 
therefore ensure that the available credit is not exceed- 
ed. 

[0014] One disadvantage of this approach is that 
charging information is periodically sent over the air to 
the user terminal in a standard AOC format, which may 
facilitate the risk of tampering at the user terminal/SIM 
interface so as to obtain free calls. 
[0015] Another disadvantage is that if a call is to be 



routed from a roaming pre-payment subscriber over a 
number of networks, each network would have to pro- 
vide the hosting network with real-time charging infor- 
mation based on its own roaming tariff to enable the 

5 hosting network to provide accurate real-time charging 
information to the roaming subscriber. This would re- 
quire a plurality of bilateral agreements between all of 
the network operators involved over and above the 
standard roaming agreements. Further, the substantial 

to increase in real-time signalling over potentially interna- 
tional networks that this would create, means that the 
AoC approach is not a particularly practical solution to 
the problem of providing roaming capabilities to pre- 
payment subscribers. 

15 [0016] The present invention aims to address the 
above problems. 

[0017] In accordance with the invention there is pro- 
vided a method of providing a pre-payment subscriber 
to a first communications network with access to a com- 

20 munications service provided by a second communica- 
tions network when the subscriber roams to the second 
network, wherein the subscriber has a predetermined 
amount of credit available for use on the service, com- 
prising determining from the available credit amount a 

25 time period for which the subscriber is permitted to use 
the service, so as to enable control of the subscriber's 
use of said service in dependence on the determined 
time period. 

[0018] A method according to the invention may in- 
30 dude determining the time period at the first network 
while the subscriber is roaming to the second network, 
including determining the time period at a calculation 
means connected to the first network. 
[0019] According to a further aspect of the invention, 
35 there is provided a method of providing a pre-payment 
subscriber to a first communications network with ac- 
cess, via a user terminal, to a communications service 
provided by a second communications network while 
the subscriber is roaming to the second network, where- 
to in the subscriber has a predetermined amount of credit 
available for use on the service, comprising initiating a 
transmission from the user terminal to the first network 
requesting notification of the time period for which the 
subscriber is permitted to use the service corresponding 
45 to the amount of the subscriber's available credit, so as 
to enable control of the subscriber's use of said service 
in dependence on the determined time period. 
[0020] There is also provided, in accordance with the 
invention, a telecommunications network configuration 
50 comprising first and second networks, the network con- 
figuration including means for providing a pre-payment 
subscriber to the first network with access to a commu- 
nications service on a second network when the sub- 
scriber roams to the second network, wherein the sub- 
55 scriber has a predetermined credit amount available for 
use on said service, further comprising means for de- 
termining from the available credit amount a time period 
for which the subscriber is permitted to use the service 
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so as to enable control of the subscriber's use of said 
service in dependence on the determined time period. 
[0021] According to the invention there is further pro- 
vided apparatus for providing a pre-payment subscriber 
to a first communications network with access to a com- 
munications service on a second communications net- 
work via a user terminal, when the subscriber roams to 
the second network, wherein the subscriber has a pre- 
determined amount of credit available for use on the 
service, comprising means responsive to requests from 
the user terminal to determine from the credit amount a 
time period for which the subscriber is permitted to use 
the service so as to enable control of the subscriber's 
use of said service in dependence on the determined 
time period. 

[0022] An advantage which may be obtainable from 
embodiments of the invention is that the home network 
can retain control over the call in a way which is trans- 
parent to the roamed network and which may therefore 
obviate the need for a bilateral agreement between the 
network operators. In this case, the roamed network is 
unaware that the subscriber being hosted is a pre-pay- 
ment subscriber so that call cost and credit information 
need not be transmitted to the user terminal, which may 
enhance network and subscriber security. In particular, 
the subscriber's credit information can remain under the 
sole control of the home network and although call time 
information corresponding to the credit information may 
be transmitted to and from the user terminal in accord- 
ance with particular embodiments of the invention, this 
can be done in a format which is proprietary to the home 
network, again providing additional security. 
[0023] Embodiments of the invention will now be de- 
scribed by way of example with reference to the accom- 
panying drawings, in which: 

Figure 1 is a schematic diagram of a satellite tele- 
communications system together with a local, land- 
based mobile telecommunications system, in ac- 
cordance with the invention; 
Figure 2 is a more detailed block diagram of the sat- 
ellite network in the vicinity of SAN 1a and the as- 
sociated terrestrial cellular network; 
Figure 3 is a schematic block diagram illustrating 
the provision of a pre-payment server within the sat- 
ellite network; 

Figure 4 is a schematic diagram of a mobile user 
terminal; 

Figure 5 is a schematic block diagram of the circuits 

of the user terminal shown in Figure 4; 

Figure 6 is a schematic block diagram of the SIM 

card shown in Figures 4 and 5; and 

Figure 7 is a flow chart showing illustrating the credit 

checking procedure according to the invention. 

[0024] Referring to Figure 1 , a satellite mobile tele- 
phone system comprises a plurality of satellite access 
nodes (SAN) 1a, 1b, 1c interconnected by a high capac- 



ity digital network 2 ("the backbone network"), a plurality 
of satellites 3a, 3b, a plurality of user terminals (UT) 4a, 
4b, gateways (G W) 5a, 5b, 5c providing connections be- 
tween the SANs 1a, 1b, 1c and other conventional land- 

5 based telephone networks 6, 7, 8, a network manage- 
ment centre (NMC) 9, a satellite control centre (SCC) 
10 and a tracking, telemetry and control station (TT&C) 
11. The NMC 9, the SCC 10 and the TT&C 11 are inter- 
connected by a lower capacity digital network 12 which 

10 is also connected to the backbone network 2. The other 
land based telephone networks 6, 7, B comprise the 
public switched telephone network (PSTN) 6, which per- 
mits connection to be made to a conventional telephone 
set 13, a public switched data network (PSDN) 7 and a 

is public land mobile network (PLMN) 8. 

[0025] The SCC 10 and the TT&C 11 control the op- 
eration of the satellites 3a, 3b, for instance setting trans- 
mit power levels and transponder input tuning, as direct- 
ed by the NMC 9. Telemetry signals from the satellites 

20 3a, 3b are received by the TT&C 11 and processed by 
the SCC 1 0 to ensure that the satellites 3a, 3b are func- 
tioning correctly. 

[0026] As shown in Figure 1 , the user terminal UT 4a 
can also communicate with the conventional land-based 
25 mobile network PLMN 8, which includes a transceiver 
station 14 that establishes a duplex link 15 with the user 
terminal UT 4a. In this example, the PLMN 8 is a GSM 
network. 

[0027] For a fuller understanding of GSM, reference 

30 is directed to the various GSM Recommendations is- 
sued by the European Telecommunications Institute 
(ETSI). Also reference is directed to "The GSM System 
for Mobile Communications' by M. Mouly and M-B. Pau- 
tet, 1992 Cell & Sys, 1992, ISBN: 2-9507190-0-7 for a 

3S more readable overview. 

[0028] The satellite network is designed to provide 
worldwide coverage, so the satellites 3a, 3b form part 
of a constellation of satellites, which may be arranged 
in several orbits. In one example, two orbits of five sat- 

40 ellites are used, which can be shown to provide cover- 
age of a major part of the surface of the earth, in which 
for a 10° satellite elevation angle, one satellite can be 
accessed by a UT all of the time and two satellites can 
be accessed for at least 80% of the time, thereby pro- 

45 viding system diversity. Further satellites may be includ- 
ed in the constellation in order to provide additional re- 
dundancy and diversity. 

[0029] The satellites are typically arranged in a medi- 
um earth orbit (MEO) constellation, for example with an 

so orbital radius of 1 0,355 km, although the invention is not 
restricted to a particular orbital radius. In this embodi- 
ment, satellites 3a, 3b are shown in a common orbit and 
are tracked by the antenna arrangement 1 6 of each SAN 
1a, 1b t 1c. Typically, each SAN includes four antennas 

55 for tracking individual satellites of the constellation, with 
one spare antenna. The SANs are spaced around the 
earth in order to provide continuous coverage. In the 
embodiment shown, SAN 1a may be located in Europe 
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whereas SAN 1b may be located in Africa, SAN 1c in 
America and other SANs may be located elsewhere. In 
Figure 1 , the SAN 1 b is shown communicating with user 
terminal UT 4b via satellite 3b. For further details of the 
satellite network, reference is directed to GB-A-2 295 5 
296. 

[0030] The satellites 3a, 3b are in non-geostationary 
orbits and comprise generally conventional satellites 
such as the Hughes HS 601 . They may include features 
disclosed in GB-A-2 288 913. Each satellite 3a, 3b is 
arranged to generate an array of radio beams covering 
a footprint on the earth beneath the satellite, each beam 
including a number of different frequency channels and 
time slots as described in GB-A-2 293 725. The beams 
thus provide adjacent cellular areas which correspond 
to the cells of a conventional land-based mobile tele- 
phone network. 

[0031] During a telephone call, the user terminals UT 
4a, 4b communicate with the satellite 3a, 3b via a full 
duplex channel comprising a down link channel and an 
up link channel. The channels include TDMA time slots 
on frequencies allocated on initiation of the call or re- 
allocated during a call. 

[0032] Referring to Figure 2, the configuration of a 
SAN la and the local PLMN 8 is shown in more detail. 
The SAN 1a consists of a satellite base station SBS 20 
which is coupled to the five dish antennas 16 for tracking 
the satellites, the SBS 20 including transmitter and re- 
ceiver circuits with amplifiers, multiplexers, demultiplex- 
er and codecs. A mobile satellite switching centre MSSC 
21 is coupled to SBS 20 and includes a satellite visitor 
location register VLR SAT 22. MSSC 21 couples commu- 
nication signals to the backbone network 2 and to the 
SBS 20, so as to allow individual telephone calls to be 
established through the backbone network 2 and the du- 
plex communication link via the satellite 3a, to the mo- 
bile terminal UT 4a. 

[0033] Also, MSSC 21 is connected to the gateway 
GW 5a so as to provide an output connection to PLMN 
8, together with PSDN 7 and PSTN 6 shown in Figure 
1. It will be understood that all the SANs are of similar 
construction with a respective VLR SAT to maintain a 
record of the subscribers registered. 
[0034] The VLR SAT 22 maintains a record of each of 
the subscribers currently registered, namely the identity 
of each user that is making use of the SAN la for signal 
communication. 

[0035] The MSSC 21 responds to addresses on in- 
coming communication signals from the antennas t6 to 
route the signals appropriately to their destinations. 
[0036] Referring to Figure 3, the satellite service pro- 
vision makes use of a database referred to herein as the 
satellite home location register (HLRs AT ) 23 that con- 
tains subscription records relating to each mobile user. 
The record includes the user's identity, which comprises 
an International Mobile Subscriber Identity (I MSI), the 
current status of the subscription, and the currently reg- 
istered location of the UT The HLR SAT may be located 



at the NMC 9 shown in Figure 1 or may be distributed 
among the SANs 1a, 1b, 1c. 

[0037] The satellite service provision also makes use 
of a server which is referred to herein as the Pre-Pay- 
ment Server (PPS) 24, the operation of which is de- 
scribed in detail below. As with the HLR SAT , the location 
of the PPS 24 is flexible. For example, it may be located 
at the NMC 9 shown in Figure 1 or may be located at 
one of the SANs 1a, tb, 1c. 

[0038] Referring again to Figure 2, the PLMN 8 in this 
example comprises a UK based GSM network and in- 
cludes a number of base transceiver stations BTS 30, 
31 , 32, which are geographically spaced apart in order 
to support a cellular network in a manner well known per 
se. BTS 30 is shown with an associated antenna 14, 
connected by a landline to a base station controller BSC 
33, it being understood that a plurality of BTSs 30, 31 , 
32 are connected to the BSC 33 in a manner well known 
perse. The BSC 33 is connected to a mobile switching 
centre MSC 34 which can route calls within the mobile 
network and also through a gateway GMSC 35 to a con- 
ventional PSTN 6 over line 36, in a manner well known 
perse or to the satellite network, over line 37 through 
the gateway GW 5a. 

[0039] A home location register HLR 38 for the land- 
based network 8 is provided coupled to the GMSC 35. 
The HLR, in a conventional manner, keeps a record of 
the IMSIs of the users subscribing to the network 8. A 
visitor location register VLR 39 maintains a record of 
subscribers temporarily registered with the network 8. 
For example, with the PLMN 8 sited in the UK, subscrib- 
ers to GSM networks in another country e.g. Germany 
may be locally registered on a temporary basis whilst in 
the UK. In a conventional manner, telephone usage in- 
formation is relayed from the VLR 39 and GMSC 35 to 
the German network (not shown) for billing purposes. 
Interconnection of the PLMN to other types of network 
may be facilitated by the provision of an Interworking 
function I WF 40 which is configured to adapt GSM trans- 
mission peculiarities to those of the connected network. 
Reference is directed to our co-pending application 
97302222.1 "Interworking between Telecommunica- 
tions Networks" for details of an implementation of the 
IWF between a GSM PLMN and a satellite mobile tele- 
phone system. 

[0040] Referring to Figures 4 and 5, the mobile user 
terminal UT 4a is configured to operate with both the 
local terrestrial cellular network and the satellite net- 
work. Thus, in the example shown in Figure 2, UT 4a 
can operate either according to a land-based GSM pro- 
tocol or according to the satellite network protocol. As 
shown in Figure 4, UT 4a comprises a mobile handset 
which is capable of dual mode operation. It includes con- 
ventional GSM circuits for use with the land-based cel- 
lular network 9 together with similar circuitry for use with 
the satellite network. A shown in Figure 4, the handset 
comprises a microphone 50, a loudspeaker 51 , a battery 
52, a keypad 53, an antenna 54 and a display 55. The 
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handheld unit UT 4a also includes a subscriber identifi- 
cation module (SI M) 56. This can be either a smart card, 
having the well-known size of a credit card, or it may be 
a smaller plug-in module, in accordance with ISO stand- 
ards. The circuit configuration of the UT 4a is shown in 5 
block diagrammatic form in Figure 5. The SIM 56, for 
example a SIM smart card, is received in an SIM card 
reader 57 coupled to a controller 58, typically a micro- 
processor. The microphone and loudspeaker 50, 51 are 
coupled to first and second codecs 59a, 59b coupled to 
a conventional radio interface 60 connected to the an- 
tenna 54 so as to transmit and receive communication 
signals, in a manner well known perse. In a Phase 2+ 
compliant GSM system, the SIM 56 includes software 
known as the SIM Application Toolkit which enables so- 
phisticated control of UT functions by the SIM. 
[0041] Referring to Figure 6, the SIM 56 includes a 
memory M1 which stores an IMSI, which is used both 
for the GSM network 8 and the satellite network. The 
memory also stores an encryption algorithm and an au- 
thentication algorithm, and an encryption key Ki, for sub- 
scription authentication and communication encryption 
according to the GSM Recommendations supra. Thus, 
the UT 4a can register with either network individually, 
according to conventional GSM registration techniques, 
which are well known in the art. For further details of the 
authentication procedure and subsequent data encryp- 
tion/decryption, reference is directed to "The GSM Sys- 
tem for Mobile Communications" M. Mouly & M-B. Pau- 
tet, Cell & Sys.1992 pp 477-492. 
[0042] As previously described, the satellite and land- 
based networks may be selected automatically accord- 
ing to user determined criteria. However in this example, 
for simplicity, the satellite and land-based GSM net- 
works are selected manually by use of a key on the key- 
pad 53. When the GSM network is selected, the control- 
ler 58 sets the radio interface 60 to operate at a frequen- 
cy suitable for the land-based GSM network 8 and codec 
59a, suitable for the GSM network, is selected. Alterna- 
tively, if the keypad 53 is operated to select the satellite 
network, the controller 58 operates to configure the ra- 
dio interface 60 to a frequency and protocol appropriate 
for the satellite network, and codec 59b is selected, suit- 
able for the satellite network. Thus, when the GSM net- 
work is selected, communication takes place over the 
duplex link 15 shown in Figure 2, whereas when the sat- 
ellite network is selected, communication takes place 
over the duplex links via the satellite 3a. 
[0043] Referring to Figure 7, the routing of a call made 
by a pre-payment ICO subscriber in a roamed GSM net- 
work, using a user terminal UT 4a, to a handset in a re- 
mote PSTN 6 will now be considered in detail. The pre- 
payment subscriber has a pre-payment SIM 56 which 
can be charged by, for example, telephoning a subscrip- 
tion number and using a suitable payment means such 
as a credit card to buy the desired amount of credit. The 
pre-payment SIM 56 such as a Phase 2+ SIM Toolkit 
compliant SIM card, is set up in accordance with the in- 



vention to control the UT 4a. 

[0044] In general terms, the functions of the pre-pay- 
ment SIM 56 include initiating a credit checking valida- 
tion message, managing the allowable call duration and 
controlling UT operations, as described in more detail 
below. 

[0045] When the UT 4a is switched on, it attempts to 
obtain service from its home network. If it cannot do so, 
for example because it has roamed to the service area 
of another network, such as PLMN 8, the first step (st) 
is for it to register with the VLR 39 associated with PLMN 
8, in a manner which is well known perse. As a result 
of the registration process, the SIM obtains the identity 
of the roamed network PLMN 8. 
[0046] When the subscriber subsequently wishes to 
make a call using the PLMN 8, he or she enters the 
number of the target telephone 13 at the UT keypad 53 
and presses a 'SEND' button on the keypad (s2). The 
SIM 56 inhibits the UT 4a from making the call directly 
and instead instructs it to display a suitable message to 
the user, for example; "Checking credit ... please wait" 
(s3). The SIM then instructs the UT (s4) to send a mes- 
sage to the home network using the standard GSM Un- 
structured Supplementary Service Data (USSD) service 
which is supported by all GSM providers. The content 
of the USSD message includes the identity of the 
roamed network, the IMS! and the number dialled. The 
message is coded according to pre-payment credit val- 
idation and security protocols determined by the home 
network. 

[0047] The USSD message is received by the home 
network MSSC 21 which is configured to route the mes- 
sage (s5) to the Pre-Payment Server (PPS) 24 which 
includes a database containing credit records for each 
pre-payment subscriber. The PPS is implemented, for 
example, on a dedicated computer. 
[0048] The PPS 24 identifies the subscriber on the ba- 
sis of the supplied IMSI information and retrieves the 
credit record (s6) corresponding to that subscriber. It 
then uses the roamed network identity, dialled number 
information and current time information to determine 
(s7) the PLMN 8 tariff which will apply to the call. The 
tariff information is obtained from the standard roaming 
agreement between the network operators. 
[0049] Knowing the available credit and the applica- 
ble tariff, the PPS calculates (s8) the permitted call du- 
ration for the particular call to be made on the network 
8. This information is transmitted to the UT and the SIM 
at step s9 in a USSD message via the MSSC 21 . 
[0050] The SIM enables the call on the roamed net- 
work 8 and instructs the UT to return to a normal display 
(s1 0), for example displaying the number being dialled. 
It then starts an internal timer (s11) when a connection 
is established, which counts down from the time sup- 
plied by the PPS 24. The SIM may instruct the UT to 
show a variety of possible displays at this stage, for ex- 
ample, to display the remaining call time (step not shown 
for clarity). 
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[0051] If the timer expires during a call, the SIM in- 
structs the UT to terminate the call (s12) and then in- 
structs the UT to send a USSD message back to the 
MSSC 21 (s14) indicating the call duration. If the call 
finishes before the timer expires, the SI M stops the timer 
(s13) and, as in the case of timer expiry, instructs the 
UT to send a USSD message backtothe MSSC 21 (s14) 
indicating the call duration. In either case, the MSSC 21 
sends the USSD message to the PPS 24 (s15), which 
calculates the remaining call time and converts the re- 
maining time back to a credit amount which is credited 
to the subscriber (s16). The SIM 56 suspends further 
call attempts except calls to a home network number to 
recharge pre-payment credits. 
[0052] Alternatively, the PPS 24 sets the credit record 
to zero at step s8 when it informs the SI M of the available 
call time, and resets it only if it receives a USSD mes- 
sage which is set up to indicate that some unexpired 
time remains. This avoids the need for the UT to send 
back a USSD message if the call time expires. 
[0053] While the invention has been explained in 
terms of a real-time credit check while the subscriber is 
roaming to a network other than its home network, it is 
also envisaged that the credit calculation could be per- 
formed in advance, taking into account different tariffs 
on different networks. The available time period infor- 
mation could then be stored in the SI M card for use when 
the user terminal subsequently roams to another net- 
work. 

[0054] Alternatively, rather than performing a credit 
check on every call set-up, a credit check is carried out 
on a daily or other periodic basis. For example, when 
the UT is switched on, the credit details are temporarily 
stored in the SIM card. The SIM card then takes the 
place of the pre-payment server for calls made during 
the day, only updating the pre-payment server when the 
UT is switched off at the end of the day. 



Claims 

1 . A method of providing a pre-payment subscriber to 
a first communications network with access to a 
communications service provided by a second com- 
munications network when the subscriber roams to 
the second network, wherein the subscriber has a 
predetermined amount of credit available for use on 
the service, comprising: 

determin ing from the available credit amount a time 
period for which the subscriber is permitted to use 
the service, so as to enable control of the subscrib- 
er's use of said service in dependence on the de- 
termined time period. 

2. A method according to claim 1 , including determin- 
ing the time period at the first network while the sub- 
scriber is roaming to the second network. 



3. A method according to claim 2, including determin- 
ing the time period at a calculation means (24) con- 
nected to the first network. 

5 4. A method according to claim 2 or 3, wherein the 
subscriber can access the service via a user termi- 
nal, including determining the time period in re- 
sponse to a request from the user terminal for ac- 
cess to the service. 

10 

5. A method according to claim 4, when dependent on 
claim 3, further comprising initiating the transmis- 
sion of the determined time period from the calcu- 
lation means (24) to the user terminal. 

15 

6. A method according to claim 4 or 5, including en- 
coding the determined time period for transmission 
to the user terminal using a proprietary signal for- 
mat. 

20 

7. A method according to any one of the preceding 
claims wherein the first network comprises a satel- 
lite telecommunications network and the second 
network comprises a land based mobile network 

25 (PLMN 8). 

8. A method of providing a pre-payment subscriber to 
a first communications network with access, via a 
user terminal, to a communications service provid- 

30 ed by a second communications network while the 
subscriber is roaming to the second network, 
wherein the subscriber has a predetermined 
amount of credit available for use on the service, 
comprising: 

35 initiating a transmission from the user terminal to 
the first network requesting determination of the 
time period for which the subscriber is permitted to 
use the service corresponding to the amount of the 
subscriber's available credit, so as to enable control 

40 of the subscriber's use of said service in depend- 
ence on the determined time period. 

9. A method according to claim 8, including inhibiting 
a call made by the user terminal to enable the time 

45 period determination request to be made. 

10. A method according to claim 8 or 9, including re- 
ceiving notification of the determined time period. 

so 11. A method according to any one of claims 8 to 10, 
comprising comparing the duration of a call in 
progress with the determined time period. 

12. A method according to claim 10 or 11, comprising 
55 terminating a call made by the user terminal using 
the service when the determined time period elaps- 
es. 
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13. A method according to any one of claims 8 to 12, 
comprising initiating transmission to the first net- 
work of the time remaining after a call made by the 
user terminal using the service is terminated. 

s 

14. A telecommunications network configuration com- 
prising first and second networks, the network con- 
figuration including means for providing a pro-pay- 
ment subscriber to the first network with access to 

a communications service on a second network 10 
when the subscriber roams to the second network, 
wherein the subscriber has a predetermined credit 
amount available for use on said service, further 
comprising means for determining from the availa- 
ble credit amount a time period for which the sub- ^ 
scriber is permitted to use the service so as to en- 
able control of the subscriber's use of said service 
in dependence on the determined time period. 

15. A network configuration according to claim 14 20 
wherein the determination means comprises a pre- 
payment server connected to the first network. 

16. Apparatus for providing a pre-payment subscriber 

to a first communications network with access to a 25 
communications service on a second communica- 
tions network via a user terminal, when the sub- 
scriber roams to the second network, wherein the 
subscriber has a predetermined amount of credit 
available for use on the service, comprising: 30 
means responsive to requests from the user termi- 
nal to determine from the credit amount a time pe- 
riod for which the subscriber is permitted to use the 
service so as to enable control of the subscriber's 
use of said service in dependence on the deter- 35 
mined time period. 



40 



45 



so 



ss 



8 



EP0 9812U Al ^H^^t . .. 




9 





10 




11 




EP 0 981 211 A1 



v • 



UT 4a 



56 



M1 



Ki 



IMSI 



Algorithms 
A3/A8&AS 




□ □□ 

ay 




pi 



^ 55 
53 




50 



Figure 4 



SIM card 



Figure 6 



12 



; . , ..1* ' ■ 'V 



EP 0 981 211 Ai 




User call 



s3 



SIM inhibits call & 
instructs UT to show 
wait instruction 



s4 



SIM instructs UT to 
send credit check 
message to MSSC 



SIM enables call & 
instructs UT to return 
to normal display 



s1 





SIM/ UT registers 






with VLR 




s2 





[ SIM instructs UT I [ 
I to terminate call I I 




Yes 










s12 


Yes 


s13 



Stop Timer 



s14 



SIM instructs UT to 
send call duration 
message to MSSC 

AT UT/SIM 



Figure 7 



c 



s5 



MSSC routes 
message to PPS 



s6 



PPS retrieves 
credit record 



s7 



PPS determines 
applicable tariff 



c 



s8 



PPS calculates 
available call time 



s9 



CPPS sends | 
call time to UT I 



s15 



MSSC routes 
message 



outes | 
to PPS J 



s16 



PPS calculates 
remaining credit 
and stores new 
credit record 



AT SATELLITE NETWORK 



13 



EP0 981 211 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 98 30 5186 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document wtti indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPUCATKM <!PtCt6) 



KRAYEM-NEVOUX ET AL. : "Payphone Service 
for the Third Generation Mobile Systems* 
GLOBAL TELECOMMUNICATIONS CONFERENCE, 
1993, INCLUDING A COMMUNICATIONS THEORY 
MINI-CONFERENCE. TECHNICAL PROGRAM 
CONFERENCE RECORD, IEEE IN HOUSTON. 
GLOBECOM '93., IEEE, 29 November 1993 
- 2 December 1993, pages 1708-1712, 
XPQ02088065 

* page 1709, right-hand column, line 8 - 
page 1712, right-hand column, line 6 * 

WO 97 40616 A (GENPLUS) 30 October 1997 

* claims 1-45 * 

US 5 301 234 A (MAZZIOTT0 ET AL.) 
5 April 1994 

* column 2, line 18 - column 3, line 45 * 



1,8,14, 
16 



H04B7/185 



1-16 



1-16 



TECHNICAL FIELDS 
SEARCHED (InLCLfi) 



HQ4B 



The present search report has been drawn up for all ctams 



Place of seat* 


Date of ooffloiaJu'iof the a&vdh 




THE HAGUE 


16 December 1998 


Bischof, J-L 



CATEGORY OF CITED DOCUMENTS 

X : pamcututy relevant r taken alone 

Y : particutarty mtawmri 4 combined wth another 

docurneot of the unto category 
A : tecrtnoto0oal background 
0 : non-wntten tffeciosufa 
P : vtanmeQate document 



T: theory or princ^le underlying the Invention 
E : earier patent document butpublEftedon, or 

alter the filing date 
D : document cited in the eppficatian 
L : document cited for other reasons 



& '. member of the eeme potent toflitiy, corresponding 
document 



14 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 98 30 5186 



This annex lists lha patent famly mem bare reteSng to the patent documents cited in the above-mentioned European search report 
The members are as contained in the European Patent Office EDP He on 

The European Patent Office Is in no way liable tor these partculais which are merely gmn tor the purpose otintoimatiQn. 

16-12-1998 



Pamnt document 


Publication 


Patent family 


Publication 


cited in search report 


date 


members) 


date 



WO 9740616 A 30-10-1997 AU 2401397 A 12-11-1997 



US 5301234 A 05-04-1994 FR 

DE 
DE 
EP 
JP 
JP 



! 



Si For more detate about Ha annex : see Official Journal of tie European Patent Office, No. 12/82 



2668002 A 
69111553 D 
69111553 T 
0480833 A 
2659637 B 
6021886 A 



17- 04-1992 
31-08-1995 

18- 01-1996 
15-04-1992 
30-09-1997 
28-01-1994 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




FADED TEXT OR DRAWING 



